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GENERAL  INTRODUCTION 

Seed  testing  has  been  developed  to  aid  agriculture  in  avoiding 
some  of  the  hazards  of  crop  production  by  furnishing  all  possible 
information  about  seeds  that  are  to  be  used  for  planting  purposes. 
This  information  may  be  desired  for  labeling  or  other  seed  control 
purposes,  for  the  seed  producer  or  seed  trade  in  connection  with  seed 
processing  or  merchandising,  or  as  a  guide  to  t^e  person  who  will 
plant  the  seed,  but,  in  all  these  cases,  the  ultimate  purpose  of  making 
the  test  is  to  determine  the  value  of  the  seed  for  planting.  Many 
different  types  of  information  may  be  desired  under  different  cir- 
cumstances, for  the  planting  value  of  seeds  is  influenced  by  many 
qualities. 

There  has  been  developed,  especially  in  connection  with  the  en- 
forcement of  labeling  laws,  a  standard  analysis,  furnishing  infor- 
mation as  to  the  composition  of  the  sample  of  seed  and  the  ability  of 
the  seed  to  produce  plants.  However,  other  types  of  information 
may  be  desired  in  many  cases. 

It  is  desirable  to  have  definitions  and  fundamental  procedures 
agreed  upon,  but  arbitrarily  stated  methods  and  detailed  procedures 
will  not  lead  to  dependable  results  without  a  thorough  knowledge 
of  the  principles  involved.  The  rules  and  suggestions  presented  here 
should  be  followed  as  closely  as  is  practicable. 

Certain  processes  and  definitions  that  form  the  basis  of  the  stand- 
ard anal3Tsis  are  presented  as  definite  Rules  for  Seed  Testing  in 
part  1. 

Part  2,  Recommendations  for  Testing  Seeds,  presents  a  general 
discussion  of  the  principles  involved  in  the  various  tests  and  sugges- 
tions as  to  procedure  that  are  based  on  the  past  experience  of  seed 
analysts. 


1  Adopted  by  the  Association  of  Official  Seed  Analysts  of  North  America,  August  27,  1937, 
superseding  the  Rules  for  Seed  Testing  adopted  by  the  Association  in  1926. 

2  This  circular  supersedes  Department  Circular  40G  entitled  "Rules  for  Seed  Testing." 
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2  CIRCULAR  480,  U.  S.  DEPARTMENT  OF  AGRICULTURE 

PART  1.  RULES  FOR  SEED  TESTING 
A.  STANDARD  ANALYSIS 

The  standard  analysis  for  law  enforcement,  labeling,  and  general 
information  as  to  seed  quality  should  determine  for  the  sample 
analyzed  (1)  the  purity  composition;  (2)  an  identification  to  deter- 
mine the  kind  of  seed,  and,  if  possible  from  appearance,  the  varietal 
composition;  (3)  the  rate  of  occurrence  of  noxious  weed  seeds  per 
unit  weight,  and  (4)  the  percentage  germination  of  the  kind  of 
seed  under  consideration. 

1.   THE  PURITY  ANALYSIS 

The  purity  analysis  is  a  separation  of  the  material  into  the  four 
components :  kind  of  seed  under  consideration,  other  crop  seed,  weed 
seed  and  inert  matter,  and  a  determination  of  the  percentage  by 
weight  of  each  component. 

(a)  Obtaining  the  toorking  sample. — The  working  sample  on  which 
the  actual  analysis  is  made  should  be  taken  from  the  submitted 
sample  in  such  a  manner  that  it  will  accurately  represent  the  sub- 
mitted sample. 

(b)  Weight  of  working  sample. — For  the  detailed  purity  analysis, 
the  working  sample  should  be  approximately  of  the  weight  given 
for  the  different  groups  of  seeds.  For  any  kind  of  seed  not  listed, 
use  a  weight  that  will  give  approximately  3,000  seeds. 

(1)  One  gram:  Agrostis  spp. ;  Poa  spp. ;  Rhodes  grass;  Bermuda  grass. 

(2)  Two  grams:  Timothy;  orchard  grass;  fescues  (excepting  meadow  fes- 
cue) ;  alsike  and  white  clover;  carrot;  reed  canary  grass;  Dallis  grass. 

(3)  Five  grams:  Ryegrass  (Lolium)  ;  meadow  fescue;  foxtail  millet;  alfalfa; 
red  clover  ;  sweetclovers  ;  lespedezas. 

(4)  Ten  grams:  Smooth  brome;  crimson  clover;  Brassica  spp.;  flax;  Agro- 
pyron  spp. 

(5)  Twenty-five  grams:  Proso  millet;  Sudan  grass. 

(6)  Fifty  grams:  Sorghums;  buckwheat;  beet. 

(7)  One  hundred  grams;  Vetches;  cereals;  sunflower. 

(8)  Five  hundred,  grams :  Corn; -beans;  peas;  cowpeas;  soybeans. 

(c)  Definitions. —  (1)  Kind  of  seed  under  consideration.  This 
should  include  all  seeds  of  the  kind  under  consideration,  whether 
shriveled,  cracked,  or  otherwise  injured;  Provided,  (a)  That  in  case 
of  broken  seeds,  any  piece  larger  than  one-half  should  be  included, 
while  pieces  that  are  one-half  or  less  should  be  considered  inert 
matter;  and  (b)  that  seeds  of  legumes  and  crucifers  with  the  seed 
coats  removed  should  be  considered  inert  matter. 

(2)  Other  crop  seed.  Seeds  of  plants  locally  grown  as  crops,  other 
than  the  kind  under  consideration,  should  be  considered  other  crop 
seeds  unless  designated  as  weed  seeds. 

(3)  Weed  seed.  Seeds  of  plants  recognized  by  laws  or  official 
regulations  or  by  general  usage  as  weeds  should  be  considered  weed 
seeds:  Provided,  That  undeveloped  and  badly  injured  weed  seeds 
(including  noxious  weed  seeds)  which,  upon  visual  examination,  are 
clearly  incapable  of  growth  should  be  considered  inert  matter  and 
not  weed  seed.  When  a  weed  seed  is  present  that  is  exceedingly 
small  (e.  g.,  Juncus  tenuis)  and  would  not  add  appreciably  to  the 
Tjercentage  of  weed  seed,  it  need  not  be  separated  out  with  the  weed 
seeds,  but  may  be  included  with  the  inert  matter.  However,  the 
presence  of  the  weed  seed  should  be  recorded  and  reported. 
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(4)  Inert  matter.  Broken  seeds  when  one-half  or  less;  seeds  of 
legumes  or  erucifers  with  the  seed  coats  removed;  undeveloped  and 
badly  injured  weed  seeds  which,  upon  visual  examination,  are  clearly 
incapable  of  growth;  dirt,  stones,  chaff,  fungus  bodies  (such  as 
ergot  and  other  sclerotia  and  smut  balls),  and  any  other  matter  not 
seeds,  should  be  considered  inert  matter:  Provided,  (a)  That  in  the 
case  of  grasses,  empty  glumes  should  be  considered  inert  matter 
and  only  glumes  containing  caryopses  (grains)  considered  pure 
seed;  (h)  that  attached  sterile  glumes  of  grasses  should  be  consid- 
ered inert  matter  and  should  be  separated  from  the  fertile  glumes, 
but  with  some  grasses  (e.  g.,  Rhodes  grass),  where  the  separation  of 
the  sterile  glumes  would  involve  an  excessive  amount  of  work,  this 
procedure  may  be  omitted,  but  the  report  should  indicate  such  vari- 
ation from  the  usual  procedure;  and  (c)  that  the  presence  of  fungus 
bodies,  when  present,  should  be  recorded  and  reported. 

(d)  Separation. — The  working  sample  should  be  weighed  and  then 
separated  into  four  parts:  (1)  Kind  of  seed  under  consideration;  (2) 
other  crop  seed;    (3)    weed  seed;    (4)    inert  matter. 

These  four  component  parts  should  each  be  weighed  in  grams  to 
the  third  decimal  place,  and  the  percentage  by  weight  of  each  part 
(based  on  the  sum  of  the  weights  of  the  component  parts  and  not 
on  the  original  weight)  should  be  determined  and  recorded.  In  the 
case  of  other  crop  seed  and  weed  seed,  the  seeds  of  each  species  should 
be  separated  where  possible  and  the  number  or  weight  of  each  kind 
recorded. 

The  separation  of  the  seed  of  the  kind  under  consideration  must 
be  on  such  a  basis  that  the  separation  can  be  made  definitely  by 
seed  characters  and  is  nonvarietal.  The  designation  of  the  seed 
which  is  separated  as  the  kind  under  consideration  should  be  clearly 
stated  on  the  records  and  the  report.  Information  as  to  varietal 
composition  should  be  a  separate  determination  (see  Identification 
and  Varietal  Determination). 

When  the  sample  contains  two  or  more  very  similar  seeds  where 
the  separation  in  the  entire  working  sample  would  be  difficult,  it  is 
permissible  to  separate  and  weigh  the  similar  seeds  as  a  group. 
From  this  mixture  at  least  400  seeds  are  to  be  counted  indiscrimi- 
nately and  the  separation  made  on  this  small  portion.  The  propor- 
tion of  each  kind  is  then  determined  by  count  or  weight,  and  from 
this  the  percentage  in  the  entire  sample  is  calculated. 

(e)  Duplicate  analyses. — When  a  purity  analysis  indicates  a  value 
that  is  on  the  border  line  of  a  law  violation  or  label  statement,  one 
or  more  additional  analyses  should  be  made  and  the  average  of  all 
analyses  used. 

2.     IDENTIFICATION     AND     VARIETAL    DETERMINATION 

The  separation  representing  the  kind  of  seed  under  consideration 
should  be  examined  to  determine  if  it  conforms  to  the  name  under 
which  it  was  submitted,  or  for  further  information  as  to  varietal 
composition.  If  such  identification  is  not  possible  from  seed  charac- 
ters or  is  not  attempted,  such  fact  should  be  recorded  and  clearly 
reported.  In  many  cases  varietal  determination  is  possible  only 
from  seedlings  or  mature  plants.  If  a  growing  test  for  this  purpose 
is  planned,  this  fact  should  be  reported. 
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3.    NOXIOUS    WEED    SEEDS 


The  determination  of  the  number  of  seeds  of  individual  noxious 
weeds  present  per  unit  weight  should  be  made  on  at  least  the  fol- 
lowing minimum  quantities  for  the  various  classes  of  seeds  listed 
above  under  Weight  of  Working  Sample:  (1)  25  grams;  (2)  50 
grams;  (3)  50  grams;  (4)  50  grams;  (5)  150  grams;  (6)  300  grams; 
(7)  500  grams. 

Where  the  noxious  weed  seeds  are  present  in  small  numbers,  a 
larger  quantity  must  be  examined  for  reasonable  accuracy  of  state- 
ment of  rate  of  occurrence.     See  part  2  for  further  discussion. 

4.    GEEMINATION   TESTS 

(a)  Purpose  and  method  of  germination. — The  object  of  a  germina- 
tion test  is  to  determine  the  ability  of  the  seed  to  produce  normal 
seedlings  capable  of  continued  development  in  the  soil  under  fa- 
vorable conditions.  Germination  tests  are  to  be  carried  out  by  such 
methods  as  will  furnish  suitable  conditions  for  each  particular  kind 
of  seed.  The  general  principles  and  recommendations  in  part  2  are 
to  be  followed  as  far  as  practicable. 

(h)  Source  of  seeds  for  germination. — Seeds  for  germination  are 
to  be  taken  from  the  separation  of  the  kind  considered  and  should 
be  counted  without  discrimination  as  to  size  or  appearance. 

(c)  Number  of  seeds  for  germination. — At  least  400  seeds  from  a 
sample  should  be  tested  for  germination.  In  order  to  have  a  check 
on  the  germination  conditions,  these  seeds  should  be  used  in  sep- 
arate tests  of  100  seeds  or  less  each. 

(d)  Retests. — When  there  is  excessive  variation  among  the  sep- 
arate tests,  or  other  indication  that  the  result  obtained  may  not 
represent  the  value  of  the  sample,  retests  should  be  made.  A  dif- 
ference, among  four  separate  hundreds  tested,  of  10  percent  when 
the  average  is  80  percent  or  above,  and  of  15  percent  when  the  aver- 
age is  below  80  percent,  may  be  looked  upon  as  an  indication  of  ex- 
cessive variation. 

(e)  Definition  of  germination. — Since  we  wish  to  obtain  as  a  re- 
sult of  the  germination  test  the  percentage  of  seeds  capable  of  de- 
veloping into  useful  plants,  a  seed  will  be  considered  to  have  ger- 
minated when  it  has  developed  into  a  normal  seedling  which  might 
be  expected  to  continue  its  development  in  soil  under  favorable  con- 
ditions. 

The  final  basis  for  judging  normal  seedlings  is  an  intimate  first- 
hand knowledge  of  the  behavior  of  various  types  of  seedlings  under 
favorable  conditions  in  the  soil. 

Seeds  which  remain  hard  at  the  end  of  the  test  because  they  have 
not  absorbed  water,  clue  to  an  impermeable  seed  coat,  are  to  be 
counted  and  reported  as  "hard  seed." 

B.  EVALUATION  AND  REPORTS 
1.    TOLERANCE 

Owing  to  the  natural  variation  between  samples  from  the  same 
bulk,  various  analyses  of  the  same  lot  of  seed  will  fluctuate  around 
the  true  value  for  the  entire  bulk.     When  comparing  the  results  of 
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two  or  more  analyses,  a  certain  amount  of  variation  is  to  be  expected. 

The  limit  of  variation  reasonably  to  be  expected  between  an  analy- 
sis or  test  based  on  the  quantities  specified  in  the  rules  and  the  given 
value  is  recognized  as  a  "tolerance."  When  a  result  exceeds  this 
"tolerance"  it  may  be  desirable  to  secure  more  information  by  further 
testing. 

The  tolerance  formula  is  to  be  applied  to  the  given  analysis  or 
test. 

(a)  Purity  tolerance. — For  each  determination  the  sample  shall 
be  considered  as  made  up  of  two  parts:  (1)  The  component  being 
considered,  and  (2)  the  balance  of  the  sample.  The  tolerance  in 
percent  allowed  for  each  component  shall  be  two-tenths  of  1  per- 
cent (0.2  percent)  plus  20  percent  of  the  lesser  of  the  two  parts. 

(b)  Noxious  weed  seed  tolerance. — A  concise  statement  of  toler- 
ance for  noxious  weed  seeds  is  not  feasible.  A  discussion  of  the 
variability  to  be  expected  will  be  found  in  part  2. 

(c)  Germination  tolerance. — The  following  tolerances  should  be 
recognized  between  a  given  germination  and  the  result  of  the  germi- 
nation test : 

Tolerance 
Given  germination  (percent)  :  (percent) 

96  or  over 5 

90  or  over  but  less  than  9(3 6 

80  or  over  but  less  than  90 7 

70  or  over  but  less  than  80 8 

60  or  over  but  less  than  70 9 

Less  than  60 10 

2.    HARD    SEEDS 

In  reporting  the  germination  of  seeds,  a  portion  of  which  remain 
hard  at  the  end  of  the  test,  the  actual  percentage  of  germination 
should  be  reported  and  also  the  percentage"of  seeds  remaining  hard. 

3.    REPORTS 

All  reports  should  show  the  date  of  receipt  of  the  sample,  the 
serial  test  number,  the  name  of  the  seed  under  which  the  sample 
was  submitted,  the  sender's  identification  mark,  and  such  other  infor- 
mation as  may  be  necessary. 

The  report  of  the  analysis  should  state  the  designation  of  the  kind 
of  seed  separated  as  the  kind  under  consideration,  together  with  its 
percentage  by  weight ;  a  statement  of  identification  or  varietal  deter- 
mination, if  such  has  been  made,  or  if  not  made,  a  statement  to 
this  effect;  the  percentage  by  weight  of  the  remaining  components 
of  the  separation;  a  statement  of  the  rate  of  occurrence  of  noxious 
weed  seeds,  if  such  a  determination  has  been  made,  and  if  not  made, 
a  statement  to  this  effect;  and  the  percentage  germination  of  the 
kind  of  seed  under  consideration.  If  a  standard  analysis  has  not 
been  made,  or  if  additional  information  has  been  obtained,  such 
information  regarding  the  sample  as  has  been  determined  should  be 
presented  in  such  a  way  as  to  be  clearly  understood. 
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PART  2.  RECOMMENDATIONS  FOR  TESTING  SEEDS 

A.  INTRODUCTION 

These  recommendations  attempt  to  summarize  and  make  useful  the 
accumulated  experience  of  the  seed  analysts  of  Xorth  America. 
Although  it  must  be  recognized  that  each  sample  to  be  studied  pre- 
sents its  own  problems  and  that  conditions  in  different  laboratories 
vary,  these  outlines  of  fundamental  principles  and  suggestions  from 
past  experience  should  aid  in  obtaining  a  helpful  knowledge  of  seed 
quality. 

B.  THE  SAMPLE 

Ordinarily,  it  is  not  the  duty  nor  the  opportunity  of  the  analyst  to 
take  samples,  but  he  should  be  prepared  to  suggest  the  best  procedure. 
]S"o  matter  how  accurately  an  analysis  is  made,  it  can  show  only  the 
quality  of  the  sample  submitted,  therefore  every  effort  should  be 
made  to  insure  that  the  sample  furnished  shall  represent  the  bulk  of 
the  seed  in  question. 

1.    METHOD   OF   TAKING   THE   SAMPLE 

In  order  to  secure  a  representative  sample,  equal  portions  should  be 
taken  from  evenly  distributed  places  throughout  the  lot  of  seed. 
Access  should  be  had  to  all  parts  of  the  shipment.  For  the  proper 
sampling  of  closed  bags  or  large  bulk  shipments,  it  is  necessary  to 
use  a  sampler  or  trier.     Various  types  of  these  have  been  developed. 

(a)  The  short  thief,  commonly  used  for  sampling  bags,  removes  seed  only 
from  the  surface  of  the  bag,  and  should  not  be  used  unless  the  seed  is  known  to 
be  uniformly  bulked. 

(6)  A  long  thief,  approximately  18  inches  long,  that  will  reach  the  center  of 
the  bag,  and  with  one  entrance  near  the  tip,  is  satisfactory  if  carefully  used. 

(c)  A  long  trier,  or  probe,  approximately  the  length  of  the  bag  to  be  sam- 
pled, with  numerous  perforations  that  may  be  opened  after  insertion  of  the 
trier,  has  proved  satisfactory  but  usually  requires  opening  of  the  bag. 

{d)  Grain  samplers  of  the  same  type  as  (c)  are  suitable  for  large  seeds  and 
bulk  shipments. 

Closed  bags  should  be  sampled  with  a  trier  or  bag  sampler  long 
enough  to  reach  the  center  of  the  bag,  or  with  a  long  trier  or  probe 
extending  the  full  length  of  the  bag. 

In  sampling  open  bags,  it  must  be  recognized  that  the  sample  may 
not  represent  the  original  shipment. 

Bulk  seeds  in  bins,  cars,  or  other  containers  are  to  be  sampled  with 
a  long  trier  or  probe  extended  through  the  bulk  in  several  places. 

In  sampling  packet  seeds,  take  entire  packets. 

2.    ZsTTMBEB    OF  BAGS   TO   BE    SAMPLED 

In  lots  of  five  bags  or  less,  each  bag  should  be  sampled.  In  larger 
lots,  sample  every  fifth  bag,  but  never  less  than  five  bags.  As  the  bag 
is  sampled,  the  seed  should  be  examined,  and  whenever  there  is  evi- 
dence of  lack  of  uniformity  in  a  lot  of  seeds,  each  bag  should  be 
sampled  separately. 

The  samples  from  each  bag  may  be  kept  or  they  may  be  combined 
in  composite  samples  as  circumstances  require. 
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3.    PREPARING    THE   SAMPLE   TO  BE    SUBMITTED    FOR   ANALYSIS 

The  total  quantity  of  seed  drawn  may  be  in  excess  of  that  required 
for  such  sample.  It  is  very  important  that  the  seeds  should  be 
thoroughly  mixed  in  taking  the  sample  that  is  to  be  sent  for  analysis ; 
if  possible,  a  mechanical  divider  should  be  used  to  obtain  the  desired 
quantity. 

Official  samples  should  be  sealed  and  all  samples  carefully  and 
fully  labeled. 

4.    SIZE  OF  SAMPLE 

The  following  are  minimum  weights  of  samples  to  be  submitted 
for  an  analysis: 

(a)  Two  ounces  of  grass  seed  not  otherwise  mentioned,  white  or  alsike 
clover,  or  seeds  not  larger  than  these. 

(&)  Five  ounces  of  red  or  crimson  clover,  alfalfa,  ryegrasses,  bromegrasses, 
millet,  flax,  rape,  or  seeds  of  similar  size. 

(c)   One  pound  of  cereal,  vetches,  or  seeds  of  similar  or  larger  size. 

If  the  sample  is  to  be  examined  for  origin,  at  least  five  times  the 
quantities  here  specified  should  be  submitted. 

C.  ANALYSIS  OF  THE  SEED 

The  standard  analysis  should  be  the  basis  for  seed  labeling  and 
for  law  enforcement,  and  the  analyst  should  follow  the  rules  of 
part  1  closely  in  such  work.  However,  the  seed  analyst  may  be 
called  upon  for  information  of  other  types  and  for  other  purposes 
where  modification  of  the  above  methods  would  be  better  suited  to 
give  the  most  useful  information.  At  certain  times,  the  kinds  and 
numbers  of  weed  seeds  present,  determined  on  a  large  sample,  may  be 
more  useful  than  the  percentage  of  weed  seed  by  weight  determined 
on  a  smaller  sample,  or  the  origin  of  the  seed  may  be  the  only 
information  desired. 

1.    OBTAINING  THE  WORKING   SAMPLE 

Whenever  the  actual  work  is  done  on  less  than  the  entire  sample 
received,  great  care  should  be  used  that  the  working  sample  is  taken 
in  such  a  way  that  it  is  representative  of  the  larger  sample. 

The  general  principle  should  be  observed  of  taking  small  repre- 
sentative portions  from  many  parts  of  the  sample,  exercising  care 
that  difference  in  size,  shape,  or  weight  of  the  component  material 
does  not  cause  unequal  distribution. 

The  material  may  be  spread  out  in  a  thin  uniform  layer  and 
small  portions  taken  from  evenly  spaced  places,  or  a  uniform  pile 
may  be  made  and  this  split  repeatedly  until  the  desired  quantity  is 
obtained. 

With  free-flowing  seeds,  some  form  of  mechanical  divider  is  de- 
sirable in  order  to  remove  the  personal  element  from  the  process  of 
splitting  the  sample -repeatedly.  The  construction  should  be  such 
as  to  divide  a  stream  of  seed  into  many  small  portions,  evenly  dis- 
tributing all  types  of  material  and  not  allowing  any  of  the  mate- 
rial to  catch  in  the  divider. 
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The  size  of  the  sample  desired  will  vary  with  the  determination  to 
be  made.  The  sample  for  the  standard  purity  analysis  has  been 
specified  in  part  1.  Since  the  particles  in  a  sample  are  of  approxi- 
mately the  same  size,  and  analysis  is  for  the  distribution  of  particles, 
the  working  sample  for  various  types  of  seeds  should  contain 
approximately  the  same  number  of  particles. 

2.    RELATIVE     SIZE    OF     SEEDS 

The  size  or  weight  of  individual  seeds  in  a  sample  may  vary  great- 
ly, and  also  the  average  weight  of  seeds  of  a  given  kind  wiirvary 
in  different  samples,  depending  on  the  season  and  region  of  pro- 
duction. In  some  crops  the  varietal  difference  will  be  Targe.  How- 
ever, it  is  useful  to  have  a  guide  to  the  number  of  seeds  to  be  expected 
in  an  average  sample  of  the  different  crop  seeds.  Information  avail- 
able has  been  summarized  in  table  1.  The  numbers  are  based  on 
tables  given  in  the  following  publications : 

Dokph-Petekse>t.  K. 

1922.  beretxixg  fra  statsfr0koxtrollex.     Copenhagen.     (Average  for  10 
years'  results.) 
Gross.  E. 

1897.  gruxdregelx  des  futterbaues.     23  pp.     Leipzig. 
Jexssex.  Christian. 

1879.    UXTEESUCHUXGEX  UBER  DEX  KULTURWERTH  DEE  HAXDELSSAATEX  UXSERER 
GPAYOHNLICHSTEX    KLEE-    UND    GRASARTEX.       Laildw.    Jalll'D.    8:     [133]- 

331.     See  pp.  136,  170-173. 
Mtjnn,  M.  T. 

1924.  ruies  for  seed  testixg.     X.  Y.  State  Agr.  Expt.  Sta.  Cir.  73,  16  pp. 
jNobbe.  Friedrich. 

1876.  haxdbuch  der  samexkuxde  .  .  .  631  pp.,  illus.     Berlin. 
Stebler.  F.  C.  and  Volkaet.  A. 

1913.  die  bestex  futteepflaxzex.     Ed.  4.  ganziicn  urngearb.,  v.  1.     Bern. 

Various  members  of  the  association  have  furnished  data  where  no 
published  information  was  available. 

3.    APPARATUS 

A  reading  glass  of  one  and  one-half  magnification  for  separation 
of  seeds. 

A  hand  lens  (magnification  of  6X  or  IX)  with  a  large  flat  field 
is  used  for  the  separation  and  identification  of  seeds. 

A  binocular  or  dissecting  microscope  should  be  available  for  iden- 
tification of  some  seeds. 

A  suitable  mechanical  divider  helps  to  remove  the  personal  ele- 
ment in  obtaining  the  working  sample. 

An  air  blast  or  blower  is  an  aid  in  the  accurate  separation  of  chaff 
and  other  light  material. 

Provision  should  be  made  for  the  examination  of  grasses  by  trans- 
mitted light  as  an  aid  in  determining  the  presence  or  absence  of  a 
caryopsis. 

4.    STAXDARD   PURITY 

This  analysis  is  to  determine  the  percentage  by  weight  of  (1)  the 
seed  under  consideration;  (2)  other  crop  seed;  (3)  weed  seed;  (4) 
inert  matter. 
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Table  1. — Number  of  crop  seeds  per  unit  weight 


Kind  of  seed 


Alfalfa 

Barley 

Beet 

Bentgrass... 

Bluegrass: 

Canada 

Kentucky 

Rough 

Brome,  smooth 

Buckwheat  -.. 

Carrot 

Clover: 

Alsike 

Crimson 

Red 

White 

Dogtail,  crested 

Fescues,  fine-leaved.. 

Fescue: 

Hair 

Meadow. 

Flax : 

Foxtail,  meadow 

Grass: 

Bermuda 

Orchard 

Reed,  canary 

Sudan 

Velvet 

Lespedeza: 

Chinese,  hulled.- 


Mini- 

Ap- 

mum 

proxi- 

Approxi- 

weight 

mate 

mate 

for 

number 

number 

purity 

of  seeds 

of  seeds 

analyses 

per 

per  ounce 

(grams) 

gram 

5 

500 

14, 170 

100 

30 

850 

50 

54 

1,530 

1 

18,  000 

510,300 

1 

5,500 

155,920 

1 

4,800 

136,  000 

1 

5,600 

1 58-,  760 

10 

300 

8,500 

50 

45 

1,275 

2 

900 

25,  510 

2 

1,500 

42,  520 

10 

330 

9,350 

5 

600 

17,010 

2 

1,500 

42,  520 

2 

1,900 

53,  860 

2 

1,200 

34,  000 

1 

3,200 

90,  720 

5 

500 

14, 170 

10 

300 

8,500 

2 

1,200 

34,  000 

1 

3,940 

111,  700 

2 

1,150 

32,  600 

2 

1,200 

34,000 

25 

120 

3,400 

2 

2,500 

70, 870 

5 

820 

23,  250 

Kind  of  seed 


Lespedeza—  Contd. 
Common,    un 

hulled 

Korean,  unhulled 
Millet: 

Foxtail 

Proso 

Oatgrass,  tall 

Oats 

Rape,  winter 

Redtop. 

Rye 

Ryegrass: 

Italian 

Perennial 

Short-seeded    per 

ennial 

Sorghum: 

Amber 

Kafir 

Sweetclover 

Timothy 

Turnip 

Vernalgrass,  sweet 

Vetch: 

Common 

Hairy 

Wheat 

Wheatgrass: 

Crested 

Slender 


Mini- 
mum 
weight 

for 
purity 
analyses 
(grains) 


5 
5 

5 

25 
10 
100 
10 
1 
100 

5 
5 


50 
50 
5 
2 
10 
2 

100 
100 
100 

10 

10 


Ap- 
proxi- 
mate 
number 
of  seeds 
per 
gram 


750 
525 

470 
180 
330 

28 

230 

11,  000 

40 

500 
500 

700 

55 
50 
570 
2,500 
340 
1,600 

19 
36 
25 

425 
340 


Ap- 
proxi- 
mate 
number 
of  seeds 

per 
ounce 


21.  260 

14,  880 

13,  320 
5,100 
9.350 
790 
6,520 
311,850 
1,130 

14, 170 

14, 170 

19,  840 

1,560 
1, 420 
16, 160 
70, 870 
9,640 
45,  360 

538 

1,000 

708 

12,  050 
9,640 


The  actual  separation  is  carried  out  on  a  paper  or  glass  in  such  a 
way  that  there  will  be  no  loss  of  the  various  components.  Care 
should  be  used  that  the  portions  are  not  exposed  to  extreme  condi- 
tions of  humidity,  as  loss  or  gain  in  moisture  may  cause  an  appre- 
ciable change  in  the  proportion  of  the  various  components. 

No  accurate  separation  of  seeds  as  to  viability  based  on  appear- 
ance is  possible;  therefore,  all  seeds  of  the  kind  under  consideration 
should  be  separated  and  their  viability  determined  by  a  germination 
test. 

Because  the  standard  purity  must  be  a  laboratory  determination 
based  on  seed  characters  with  the  results  expressed  as  a  definite  per- 
centage by  weight,  the  seed  must  be  separated  on  a  basis  which 
permits  a  definite  separation,  and  which  is  not  varietal.  Since  the 
basis  of  separation  may  be  broader  than  the  name  under  which  the 
sample  was  submitted,  it  is  important  to  state  definitely  on  the 
record  and  make  clearly  evident  on  the  report  the  basis  for  such 
percentage  separation.  Information  as  to  varietal  composition  but 
on  a  less  definite  quantitative  basis  may  be  possib'3  but  should  be  a 
separate  determination. 

In  all  determinations  based  on  a  sample  there  will  be  variation 
in  the  results  of  repeated  tests.  When  it  is  desired  to  have  more 
assurance  of  the  accuracy  of  results,  as  when  an  analysis  indicates 
a  value  on  the  border  line  of  a  law  violation,  one  or  more  additional 
analyses  should  be  made  and  the  average  of  all  analyses  used. 

53793°—  38 2 
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Mixtures  of  different  kinds  of  seeds  present  special  problems. 
When  seeds  of  different  sizes  and  shapes  are  mixed  together,  there 
is   great   difficulty   in  keeping  the   components   equally   distributed. 

This  makes  the  securing  of  a  representative  sample  very  uncertain. 
These  things  should  be  considered  before  spending  the  necessarily 
great  effort  of  making  detailed  analyses  of  such  mixtures. 

5.    IDEXTIEICATIOX    AXD    VAEIETAL    DETEKMIXATIOX 

Because  exact  percentage  separation  of  the  kind  of  seed  under  con- 
sideration is  on  a  nonvarietal  basis,  this  separation  should  be  exam- 
ined for  information  as  to  varietal  composition  from  appearance  of 
the  seed,  although  the  determination  may  be  less  definite.  If  possible. 
the  conformity  of  the  seed  to  the  name  under  which  it  was  submitted 
should  be  determined.  Lack  of  such  conformity  may  be  determined 
when  positive  identification  of  kind  or  variety  is  not  possible.  In 
some  cases,  as  with  yellow  and  white  sweetclover.  the  two  lands 
cannot  be  completely  and  definitely  separated  from  appearance  of 
individual  seeds  on  the  basis  of  present  knowledge,  but  the  presence 
of  admixture  can  be  detected.  Varietal  identification  from  appear- 
ance of  the  seed  may  be  possible  in  some  case?  and  yet  not  attempted 
by  the  analyst.  In  any  case,  both  the  record  and  the  report  should 
clearly  state  whether  identification  was  attempted,  and  if  so,  the 
degree  of  identification. 

In  many  cases,  varietal  identification  is  possible  from  seedling 
characters,  or  it  may  be  desirable  to  grow  plants  to  maturity  for  such 
identification. 

6.    NOXIOUS    WEED   SEED    COXTEXT 

The  content  of  seeds  of  noxious  weeds  is  usually  stated  in  numbers 
per  unit  weight.  It  is  often  important  to  determine  the  rate  of 
occurrence  with  reasonable  accuracy  even  if  such  rate  of  occurrence 
is  low.  The  accuracy  of  such  a  determination  depends  on  the  number 
of  individuals  found  rather  thin  on  the  amount  of  sample  examined. 
When  small  numbers  of  individual  particles  are  concerned,  as  is 
usually  the  case  in  testing  for  noxious  weed  seeds,  it  is  not  possible 
to  state  definitely  the  amount  of  seed  to  be  examined  for  a  desirable 
accuracy  of  statement  of  the  rate  of  occurrence.  The  variability  to 
be  expected  for  different  rates  of  occurrence  can  be  found  in 
Pearson's  3  Tables  of  the  Poisson  distribution. 

A  rearrangement  of  material  from  Pearson's  table  52  is  given  as 
table  2.  This  shows,  for  any  given  rate  of  occurrence,  the  maximum 
values  that  might  be  expected  for  a  few  selected  degrees  of  certainty. 
The  actual  number  found  should  be  compared  with  the  supposed  rate 
of  occurrence.  This  table  should  serve  both  as  a  guide  to  the  amount 
that  should  be  examined  in  any  given  case  and  also  as  a  guide  to  the 
variation  to  be  expected  in  repeated  tests  or  to  determine  a  tolerance 
suitable  to  a  particular  case. 

Examples  of  use  of  table  2:  A  lot  of  seed  is  labeled  ;,10  dodder  to 
the  ounce."  An  ounce  is  examined,  and  23  dodder  seeds  are  found. 
Eeference  to  the  table  shows  that  had  there  been  dodder  at  the  rate 
of  10  per  ounce  there  would  have  been  less  than  1  chance  in  1.000  of 

3  Pearson.   Karl.   ed.     tables  for   statisticians   and  biometricians.     143   pp.,    illus. 

Cambridge,  England.      1014. 
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finding  as  many  as  22.  This  would  seem  a  satisfactory  degree  of  cer- 
tainty that  dodder  is  present  at  a  greater  rate  than  indicated  on  the 
label,  and  it  would  not  seem  necessary  to  examine  more.  Another  lot 
of  seed  is  labeled  "160  dodder  to  the  pound."  One  ounce  is  examined 
and  17  are  found.  Reference  to  the  table  at  a  rate  of  10  (160  per 
pound  =  10  per  ounce)  indicates  that  there  is  about  1  chance  in  20 
that  as  many  as  17  would  be  found  in  an  ounce  if  the  rate  actually 
were  160  per  pound.  This  is  a  strong  indication  that  the  sample 
contains  more  dodder  than  the  label  states,  but  most  analysts  would 
desire  more  information  before  recommending  prosecution.  A  sec- 
ond ounce  is  examined  and  16  are  found.  The  table  indicates  that  if 
20  were  present  there  is  only  about  1  chance  in  100  of  finding  as  many 
as  33  (17  +  16).  A  third  ounce  shows  19.  The  table  at  a  rate  of  30 
indicates  a  very  remote  chance  of  finding  as  many  as  52  (17  +  16  +  19). 

Table  2. — Range  of  values  to  be  expected  for  a  few  selected  degrees  certainty  for  rates 

of  occurrence  from  1  to  30 

[Adapted  from  Pearson's  table  of  Poisson  distribution] 


Given  or  ex- 
pected number 

Numbers  as  large  as  those  below 
are  not  to  be  expected  more 
often  than  once  in— 

Given  or  ex- 
pected number 

Numbers  as  large  as  those  below 
are  not  to  be  expected  more 
often  than  once  in— 

10. 

trials 

20 
trials 

100 
trials 

1,000 

trials 

10 
trials 

20 
trials 

100 
trials 

1,000 
trials 

1 

3 
5 
6 
8 
9 
10 
11 
13 
14 
15 
16 
18 
19 
20 
21 

4 
6 
7 
9 

10 
11 
13 
14 
15 
16 
18 
19 
20 
21 
23 

5 

9 

10 
12 
13 
15 
16 
18 
19 
20 
22 
23 
24 
26 

6 
9 
11 
12 
14 
16 
17 
19 
21 
22 
24 
25 
26 
28 
29 

16 

22 
23 
25 
26 
27 
28 
29 
30 
31 
33 
34 
35 
36 
37 
38 

24 
25 
26 
27 
29 
30 
31 
32 
33 
34 
36 
37 
38 
39 
40 

27 
28 
30 
31 
32 
33 
35 
36 
37 
38 
40 
41 
42 
43 
44 

31 

2                         _._ 

17 

32 

3 

18 

33 

4 

19 

35 

5 

20 

36 

6 

21     . 

37 

7 

22 

39 

8- 

23 

40 

9 

24 

41 

10 

25  -.              

43 

11 

26 

44 

12  .. 

27     

45 

13 

28 

47 

14  .. 

29  -       

48 

15 

30 

49 

Had  the  second  ounce  shown  10,  the  table  would  indicate  that  the 
27  found  in  2  ounces  might  be  expected  about  once  in  10  trials  of 
2-ounce  samples,  even  if  the  label  were  correct.   ' 

Further  discussion  of  this  problem  and  additional  tables  are  pre- 
sented by  Przyborowski.4 


7.    SPECIAL    METHODS 

There  may  be  many  times  when  some  other  method  than  the  stand- 
ard purity  analysis  will  give  the  desired  information.  The  analyst 
should  be  ready  to  adopt  methods  best  suited  to  the  problem  at  hand. 
When  special  methods  are  used  the  report  should  clearly  indicate  this, 
so  that  the  results  will  not  be  confused  with  results  from  a  standard 
analysis.  The  following  are  suggestions  of  some  useful  special 
methods : 


4  Przyborowski,  Josef,  on  undesirable  errors  due  to  insufficient  size  of  seed 
clover  samples  tested  for  dodder.  Paper  presented  at  8th  Internatl.  Seed  Testing  Cong. 
1937. 
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(a)  Pure  seed  approximation. — The  pure  seed  of  chaffy  grasses  or 
samples  with  much  broken  seed  can  be  determined  approximately 
without  a  determination  of  other  components.  This  is  useful  for  an 
expression  of  the  live  pure  seed  content  of  a  sample. 

(b)  NuirSber  of  weed  seeds  per  unit  weight . — A  determination  of 
the  number  of  weed  seeds  per  ounce  or  other  unit  weight,  based  on 
the  examination  of  a  comparatively  large  sample,  may  be  desirable 
in  place  of  or  in  addition  to  the  standard  separation. 

(c)  Examination. — In  some  cases  a  simple  examination  or  inspec- 
tion of  the  sample  will  permit  a  statement  of  the  relative  proportions 
of  various  components  or  the  presence  or  absence  of  adulterants. 
This  is  a  useful  method  to  furnish  general  information  about  mix- 
tures and  samples  of  uncleaned  seed. 

(d)  Direct  method. — When  only  the  plant-producing  power  of 
chaffy  or  unclean  samples  is  desired,  the  number  of  seedlings  pro- 
duced by  a  unit  weight  of  the  sample  may  be  determined  directly. 

Bushel  w eight  and  1,000-kernel  weight. — These  determinations 
are  often  desirable  to  give  further  information  as  to  the  seed  quality. 

S.    DETERMINATION    OF   ORIGIN 

The  place  of  production  of  a  sample  of  seed  may  often  be  determined 
from  the  incidental  weed  seeds  or  other  materials  that  are  character- 
istic of  certain  regions.  The  size  of  sample  that  must  be  examined 
will  depend  on  the  content  of  characteristic  material.  Usually  any 
conclusion  about  the  origin  of  a  particular  lot  of  seed  can  be  based 
only  on  the  agreement  of  various  indications  obtained  by  the  study  of 
the  incidental  matter  in  a  large  sample.  A  list  of  the  incidental  seeds 
in  alfalfa  and  red  clover  is  given  in  the  Proceedings  of  the  Interna- 
tional Seed  Testing  Association,  volume  2,  Xo.  6.  pages  1-22.  1928. 
Further  information  on  seed  origin  is  given  by  Gentner.5 

D.   GERMINATION 

Germination  tests  are  made  to  determine  what  proportion  of  the 
seeds  are  capable  of  developing  into  normal  useful  plants.  Many  seeds 
require  very  definite  conditions  before  they  will  start  growth,  and 
these  conditions  may  vary  with  the  previous  history  of  the  seed. 
Also,  certain  seeds  may  start  growth  but  may  be  so  injured  that  con- 
tinued development  is  impossible.  Thus,  the  analyst  is  confronted 
with  two  problems  in  carrying  out  germination  tests :  First,  to 
induce  growth  in  all  seeds  capable  of  growth:  and  second,  to  so 
interpret  the  test  that  the  result  will  be  of  value  to  the  tdtimate  user  of 
the  seed. 

For  purposes  of  seed  testing,  germination  is  defined  as  follows: 
A  seed  will  be  considered  to  have  germinated  when  it  has  developed 
into  a  normal  seedling  which  might  be  expected  to  continue  its 
development  in  soil  under  favorable  conditions. 

1.   SOVBCE  AXD  ^UilBEE  OF  SEEDS 

TThen  a  purity  analysis  has  been  made,  the  seeds  for  germination 
are  to  be  taken  from  the  separation  of  the  kind  under  consideration, 

I    :         -       die  HEUX-NFTSBiSTiMMrxG  deu  KLEESAATBN.      Internatl.    Seed  Tesl  Dg 
Assoc.  Proc.      9  :  1-81.     1937. 
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or  from  a  separation  made  on  the  same. basis  as  this  separation.  When 
onl}7  a  germination  test  is  made,  the  seeds  of  the  kind  nnder  consider- 
ation are  to  be  taken,  but  if  the  sample  is  appreciably  impure,  as 
cereals  with  many  broken  seeds,  or  in  the  case  of  chaffy  grasses,  it  is 
desirabfe  to  make  an  approximate  determination  of  the  kind  of  seed 
under  consideration  and  take  for  germination  seeds  from  this  ap- 
proximate separation.  The  approximate  purity  as  well  as  germina- 
tion should  be  reported.  In  all  cases  the  seeds  should  be  taken  in- 
discriminately, without  selection  as  to  quality.  When  a  sample  has 
seeds  of  varying  size  or  shape,  great  care  is  required  that  the  seeds  for 
germination  are  representative  of  the  sample.  Because  the  germina- 
tion test  is  desired  to  show  the  proportion  of  seedlings  to  be  obtained 
from  the  sample,  all  types  of  seeds  should  be  included  without  refer- 
ence to  their  apparent  ability  to  grow. 

It  is  usually  considered  that  400  seeds  is  the  minimum  to  give 
reasonable  accuracy  in  comparative  tests,  but  cases  may  arise  where 
sufficient  accuracy  for  the  purpose  may  be  obtained  with  a  smaller 
number. 

2.  INTERPRETATION   OF  GERMINATION   TESTS 

If  germination  results  are  to  be  of  value  to*  agriculture,  great  care 
must  be  used  in  interpreting  the  results  of  the  germination  test. 
Since  we  wish  to  obtain  as  a  result  of  the  germination  test  the  per- 
centage of  seeds  capable  of  developing  into  normal  seedlings,  only 
such  seeds  should  be  counted  as  germinated  which  may  be  expected  to 
continue  their  development  in  soil  under  favorable  conditions. 

Because  artificial  laboratory  methods  give  abnormal  conditions  for 
development,  the  interpretation  of  such  tests  must  rest  ultimately  on 
a  first-hand  knowledge  of  the  behavior  of  various  types  of  seedlings 
in  the  soil  under  favorable  conditions. 

Injury  to  seeds  during  preparation  for  market  often  results  in 
various  types  of  broken  seedlings.  When  any  essential  part  of  the 
seedling  is  thus  destroyed,  a  useful  plant  is  impossible.  Improper 
conditions  of  storage  or  age  of  the  seed  may  so  weaken  some  part  or 
parts  of  the  seed  that,  although  growth  may  start,  continued  develop- 
ment is  impossible. 

Seeds  which  remain  hard  at  the  end  of  the  test  because  they  have 
not  absorbed  water  because  of  an  impermeable  seed  coat  are  to  be 
counted  and  reported  as  hard  seed.  Such  seeds  are  usually,  but  not 
always,  viable. 

Swollen  seeds  that  appear  fresh  should  not  be  confused  with  hard 
seeds.  Such  swollen  seeds  may  indicate  weakened  vitality,  dormancy, 
or  improper  germination  conditions.  If  more  than  2  or  3  percent  of 
fresh-appearing  swollen  seeds  remain  at  the  end  of  the  usual  duration 
of  testing,  the  test  should  be  prolonged  or  a  retest  made. 

Disease,  lack  of  vigor,  or  other  unusual  conditions  noted  during  the 
germination  test  should  be  recorded  and  reported  if  considered  of 
importance. 

3.   SOIL  TESTS 

(a)  Greenhouse  soil  tests. — The  testing  of  seeds  in  the  greenhouse, 
where  they  can  be  allowed  to  develop  until  established,  is  necessary 
as  a  guide  in  the  evaluation  of  seedlings.  Also  in  many  doubtful 
cases  and  with  many  of  the  larger  seeds  the  greenhouse  test  is  the  best 
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basis  for  judging  the  quality  of  a  given  sample.  In  many  cases  con- 
ditions are  more  favorable  in  the  greenhouse  than  in  the  laboratory 
for  normal  seedling  development. 

A  friable,  easily  worked  soil  that  does  not  bake  or  crust  is  essen- 
tial. It  has  been  found  that  covering  the  seeds  with  a  layer  of  clean 
sand  facilitates  even  distribution  of  water  and  prevents  crusting  of 
the  surface.  If  the  soil  available  contains  "damping-off"  organisms, 
the  soil  should  be  sterilized  before  use.  The  temperature  range  in  the 
greenhouse  should  be  such  as  is  suitable  for  the  germination  of  the 
kind  of  seed  being  tested.  It  is  not, necessary  to  have  such  close  tem- 
perature control  as  with  laboratory  tests. 

In  most  cases  greenhouse  testing  is  impractical  during  the  hot  sum- 
mer months. 

(b)  Laboratory  soil  tests. — As  a  partial  guide  in  interpretation  and 
as  a  basis  for  evaluation  of  some  doubtful  samples,  it  is  desirable  to 
make  laboratory  soil  tests.  Such  tests  are  most  useful  for  clovers  that 
show  broken  seedlings  and  for  some  quick-growing  vegetable  seeds. 
The  high  humidity  of  the  germination  chamber  may  cause  difficulty 
in  the  interpretation  of  laboratory  soil  tests  of  lettuce,  cabbage,  and 
similar  kinds  of  seeds.  It  is  usually  difficult  to  give  sufficient  space 
in  the  germinator  for  proper  soil  tests  of  beans  and  other  large-grow- 
ing seedlings. 

A  standardized  soil  is  not  necessary,  but  suitable  conditions  of  mois- 
ture and  aeration  should  be  provided  for  the  germination  of  seeds. 
A  soil  should  be  selected  that  will  supply  sufficient  water  to  the  seeds 
without  hindrance  to  aeration  and  that  will  not  bake.  A  sandy  loam 
or  an  equal  mixture  of  good  garden  loam  and  sand  (free  from  weed 
seeds)  furnishes  a  suitable  soil.  Pure  sand  of  proper  size  and  texture 
has  been  used  successfully  to  aid  in  the  interpretation  of  certain  types 
of  samples. 

Particular  emphasis  should  be  given  to  the  proper  degree  of  wet- 
ting of  the  soil..  Water  should  be  added  to  air-dry  soil  and  thor- 
oughly mixed  with  the  soil.  The  proper  moisture  content  of  the  soil 
can  be  tested  best  by  picking  up  a  handful  and  pressing  it  firmly  by 
closing  the  hand.  If  the  soil  holds  together  in  a  ball  when  the  hand 
is  opened  and  yet  crumbles  easily  when  the  ball  is  broken,  the  moisture 
content  is  suitable.  After  the  soil  has  been  properly  wetted  it  should 
be  rubbed  through  a  sieve  and  put  in  the  containers  for  the  seed  test 
without  packing.  The  seed  should  then  be  placed  on  the  soil  evenl} 
spaced  and  suitably  covered  with  the  same  soil. 

A  suitable  cardboard  box  or  metal  container  should  be  used  for  the 
soil  test.  Paraffined  light  cardboard  boxes,  4%  inches  square  and  iy2 
inches  deep,  have  been  found  suitable.  These  can  be  used  for  100 
seeds  of  clover  or  seeds  of  similar  size  and  50  seeds  of  cereals. 

If  organisms  causing  damping-off  are  present  in  the  soil  used,  they 
will  develop  very  rapidly  in  the  moist  conditions  of  the  germination 
chamber,  making  the  test  worthless.  In  such  cases  sterilization  of  the 
soil  is  necessai\y. 

(c)  Soil  sterilization. — Because  of  the  prevalence  of  fungi  causing 
damping-off  in  most  cultivated  soils,  it  is  advisable  to  sterilize  the 
soil  before  use,  unless  trial  has  shown  this  to  be  unnecessary. 

Steam  sterilization  in  an  autoclave  under  pressure  or  in  a  closed 
box  is  a  usual  method.     United  States  Department  of  Agriculture 
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Farmers'  Bulletin  No.  1629  describes  this  method.  Excessive  heating 
of  soil  may  develop  toxic  materials,  especially  in  certain  subsoils  and 
soils  with  high  content  of  organic  matter.  When  the  toxic  property 
is  developed  from  organic  matter,  airing  the  soil  for  about  24  hours 
before  use  remedies  the  trouble.  Electric  soil  sterilization  is  de- 
scribed in  New  York  (Geneva)  Experiment  Station  Bulletin  No.  651 
and  in  New  York  (Cornell)  Experiment  Station  Bulletin  No.  r>36. 
Some  have  successfully  used  home  "pressure  cookers,"  while  others 
have  used  dry  heat  in  a  gas  oven.  The  latter  should  be  used  only  with 
soils  with  very  little  organic  matter.  Treating  the  soil  with  formal- 
dehyde dust  according  to  directions  given  with  the  product  has  been 
satisfactory. 

4.    LABOKATOEY   GERMINATION 

Although  testing  in  soil,  which  is  the  natural  medium  for  the  ger- 
mination of  seeds,  should  be  the  guide  in  the  interpretation  of  normal 
seedlings  and  the  final  basis  for  evaluation  of  questionable  samples, 
the  greater  part  of  germination  testing  must  be  carried  out  in  the 
laboratory  with  artificial  media  and  controlled  conditions.  Kinds  of 
seeds  or  individual  samples  that  require  special  treatment  or  closely 
controlled  conditions  are  tested  satisfactorily  only  in  the  laboratory. 
It  has  been  found  necessary,  in  the  laboratory,  to  provide  fairly  defi- 
nite moisture,  aeration  and  temperature  conditions  for  the  different 
types  of  seeds. 

(a)  General  information. —  (1)  Substrata. — A  substratum  should 
be  selected  that  will  supply  the  needed  moisture  and  yet  allow  suffi- 
cient aeration.  Convenience  and  ease  of  counting  should  be  consid- 
ered.   The  following  substrata  are  the  most  generally  used : 

Blotting  paper,  open  and  porous  texture,  free  of  ground  wood  or  other  fillers, 
free  of  chemicals  injurious  to  germinating  seeds,  any  coloring  matter  to  be 
water-insoluble,  approximately  neutral  in  reaction,  weight  120  pounds  to  the 
ream.  A  gray  or  blue  color  is  desirable  for  ease  of  counting  of  seedlings. 
When  cut  6  by  9  inches  and  folded  once  they  will  fit  economically  on  the  trays 
in  common  use.  These  are  used  with  the  smaller  seeds.  Very  fine  seeds,  those 
with  a  mucilaginous  coat,  or  those  that  would  not  otherwise  receive  sufficient 
aeration,  should  be  placed  on  top  of  the  blotters ;  other  kinds  of  seeds  should  be 
placed  between  the  folds  of  the  blotter. 

Paper  toweling.- — An  absorbent  grade  of  approximately  neutral  reaction  and 
free  from  injurious  chemicals.  To  be  used  for  the  larger  seeds.  These  require 
more  water,  and  the  less  rigid  material  allows  a  greater  area  of  contact  with  the 
seeds.  Cotton  flannel  cloth  may  also  be  used  with  such  seeds.  The  seeds  may  be 
placed  between  folds  of  the  paper,  using  the  number  of  thicknesses  that  will 
supply  sufficient  moisture  to  the  germinating  seeds. 

The  rolled  test  uses  paper  toweling,  but  the  seeds  are  spaced  farther  apart 
and  then  the  test  rolled  into  a  loose  roll.  It  is  of  great  advantage  to  lay  the 
papers  on  a  paraffin  paper  and  roll  together. 

Soil. — A  sterilized  sandy  loam,  or  in  some  cases  a  clean,  sharp  sand.  Aside 
from  its  use  in  the  interpretation  of  doubtful  samples,  soil  may  be  the  most 
suitable  substratum  for  some  kinds  of  seeds  in  laboratory  tests.  Many  sam- 
ples that  are  difficult  to  germinate  give  better  results  in,  or  on  the  surface,  of 
soil.  Seeds  which  are  hastened  in  germination  by  the  use  of  potassium  nitrate 
solution  will  usually  give  equal  results  when  tested  on  the  surface  of  soil. 
For  peas,  beans,  corn,  sorghums,  or  similar  seeds,  it  is  often  advantageous 
to  use  soil  or  sand.  Moisture  is  supplied  uniformly,  and  the  spread  of  molds 
is  greatly  lessened.  The  method  of  use  is  described  under  Laboratory  Soil 
Tests. 

(2)  Moisture  and  aeration. — The  substratum  should  be  kept  moist 
enough  at  all  times  to  supply  the  needed  moisture  to  the  seeds,  but 
should  never  be  so  wet  that  a  film  of  water  forms  around  the  seeds. 
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Excessive  moisture  may  restrict  the  necessary  aeration  of  the  germi- 
nating seeds.  Some  kinds  of  seeds  (e.  g.,  spinach,  pepper,  and  beet) 
are  very  sensitive  to  an  excess  of  water,  while  others  (e.  g.,  timothy, 
Agrostis,  lettuce)  require  a  liberal  supply  of  moisture  at  all  times. 
The  exact  supply  of  moisture  required  for  each  kind  of  seed  will 
vary  with  the  substratum  and  the  humidity  of  the  germination 
chamber. 

(3)  Temperature. — The  provision  of  suitable  temperature  condi- 
tions is  one  of  the  most  critical  factors  for  satisfactory  laboratory 
germination  of  many  kinds  of  seeds.  In  some  cases  the  temperature 
requirements  for  germination  can  be  provided  without  special  equip- 
ment, but  as  a  general  rule  laboratory  germination  requires  artificial 
control  of  temperature.  It  is  usually  not  necessary  to  have  tempera- 
tures controlled  closer  than  1°  to  2°  C,  but  it  is  very  important  that 
the  range  suitable  for  a  given  kind  of  seed  be  provided.  The  tem- 
perature conditions  that  must  be  provided  will  depend  on  the  kinds 
of  seeds  to  be  tested,  but  for  general  seed  germination  work  the 
following  temperatures  should  be  provided: 

5°  or  10°  C,  for  prechilling.  Necessary  for  many  kinds  of  seeds  when  freshly 
harvested  and  for  many  tree  and  shrnb  seeds. 

18°  to  20°  C.  To  be  used  for  those  seeds  that  are  liable  to  be  delayed  in 
germination  at  temperatures  above  20°  C. 

Daily  alternation  of  temperatures. — The  tests  should  be  kept  about 
18  hours  at  the  cooler  temperature  and  about  6  hours  at  a  warmer 
temperature.  Many  seeds  germinate  more  readily  with  a  sharp 
daily  fluctuation  of  temperature.  For  others  the  alternation  is  a 
satisfactory  method  of  obtaining  a  comparatively  warm  average  tem- 
perature. In  the  use  of  alternating  temperatures  the  best  effect  is 
obtained  by  a  sharp  change  of  the  temperature,  such  as  is  secured 
when  the  tests  are  transferred  between  chambers  maintained  at  all 
times  at  their  respective  temperatures. 

20°-30°  C.  alternation. — This  is- the  most  generally  used  alternation. 
20°-35°   C.  alternation.' — The  seeds  of  some  warm  climate  crops  require  a 
temperature  of  35°  C.  for  a  short  period  daily. 

Still  wider  alternations  have  been  recommended  by  some  workers 
for  various  kinds  of  seeds. 

(4)  Special  treatments. — In  some  cases  special  treatments  may  be 
of  advantage  to  provide  suitable  conditions  or  to  hasten  the  com- 
pletion of  germination. 

Soaking. — In  some  cases  soaking  the  seeds  before  they  are  tested 
is  desirable,  but  care  must  be  taken  not  to  soak  so  long  as  to  cause 
injury  to  germination  or  at  a  temperature  above  that  to  be  used  for 
germination. 

Prechilling. — The  test  with  the  seeds  on  the  moist  substratum 
should  be  kept  at  5°  to  10°  C.  for  varying  periods  before  the  usual 
test  is  started.  The  special  uses  of  this  treatment  will  be  discussed 
further  under  Special  Problems. 

Predrying. — After-ripening  of  freshly  harvested  seeds  is  often 
markedly  hastened  by  drying  to  the  normal  moisture  content.  A 
temperature  not  above  35°  C.  is  desirable,  and  free  circulation  of  air 
should  be  provided. 

Light. — A  number  of  kinds  of  seeds  will  germinate  quicker  and 
more  completely  if  exposed  to  light  during  germination.    The  light 


RULES  AND  RECOMMENDATIONS  FOR  TESTING  SEEDS     17 

exposure  may  be  obtained  by  placing  the  tests  in  a  window,  by  the 
use  of  artificial  light,  or  by  the  aid  of  a  daylight  germinator;  but 
in  any  case  it  is  very  important  that  the  correct  temperature  and 
moisture  conditions  be  maintained  along  with  the  light  exposure. 
With  some  kinds  of  seeds  (e.  g.,  lettuce)  a  single  brief  exposure 
to  light  is  sufficient,  but  with  others  (e.  g.,  many  of  the  grasses)  a 
daily  exposure  of  at  least  4  hours  is  required.  Some  samples  of  a 
given  kind  of  seed  may  require  light  while  others  do  not.  In  general, 
freshly  harvested  seed  is  more  likely  to  be  benefited  by  light  than 
older  seed.  There  would  seem  to  be  a  tendency  for  light  to  compen- 
sate for  somewhat  unfavorable  temperatures. 

Potassium  nitrate. — It  has  been  found  that  seeds  benefited  by  light 
are  also  greatly  hastened  in  germination  if  the  substratum  is  mois- 
tened with  a  dilute  solution  of  potassium  nitrate.  A  potassium  ni- 
trate solution  made  by  dissolving  2  grams  of  the  salt  in  1  liter  of 
water  should  be  used  for  this  purpose.  Where  fungi  are  present  on 
the  seeds,  the  nitrate  solution  may  stimulate  the  fungus  growth  and 
result  in  injury  to  seedling  roots.  The  use  of  soil  as  a  substratum 
will  usually  give  results  comparable  to  the  use  of  a  solution  of 
potassium  nitrate. 

Where  any  special  treatment  is  used  to  hasten  germination,  the 
^treatment  used  should  be  mentioned  in  the  report. 

(5)  Apparatus — Germination  chambers. — The  purpose  of  germina- 
tion chambers  is  to  maintain  high  humidity  and  to  provide  suitably 
controlled  temperatures.  In  a  paper  by  Goss  6  the  methods  of  pro- 
viding the  desired  conditions  are  discussed.  For  seeds  requiring  light, 
a  "daylight  germinator"  is  desirable.  The  light  of  a  north  window 
is  sufficient  and  reduces  the  difficulty  of  temperature  control  which 
occurs  in  direct  sunlight. 

Petri  dishes. — Suitable  moisture  conditions  for  many  seeds  may  be 
provided  by  petri  dishes.  Absorbent  paper  toweling,  filter  paper,  or 
other  suitable  substratum  is  placed  in  the  bottom  of  the  dish,  thor- 
oughly wet,  and  then  drained  of  all  excess  moisture  before  the  seeds 
are  put  in  place.  These  dishes  may  be  used  to  provide  suitable 
moisture  during  light  exposure,  when  a  special  chamber  is  not  avail- 
able. They  also  provide  suitable  conditions  for  the  germination  of 
some  seeds,  even  when  used  in  a  germination  chamber. 

Yacuum  counter. — Elimination  of  the  personal  element  in  selection 
of  seeds  for  the  germination  test,  as  well  as  rapidity  of  work  and 
even  spacing  of  seeds  on  the  substratum,  is  secured  by  use  of  a 
vacuum  seed  counter.  The  construction  of  a  suitable  counter  is  de- 
scribed in  United  States  Department  of  Agriculture  Circular  No. 
53,  1928. 

(6)  Placing  the  seeds. — Care  should  be  taken  that  the  seeds  are 
uniformly  spaced  on  the  substratum  and  that  the  seeds  are  given 
enough  room  to  prevent  contact  during  germination. 

(b)  Special  problems. —  (1)  Dormancy. — The  seeds  of  many  fruits 
and  ornamentals  will  germinate  only  after  a  prolonged  treatment  at 
a  low  temperature  in  a  moist  substratum.  Soil,  or  peat  moss  and 
soil,  are  usually  the  best  substrata  for  such  treatment.  The  test 
should  be  kept  at  3°  to  5°  C.  for  1  to  3  months,  keeping  the  sub- 

6  GOSS,     W.     L.       THE    ESSENTIALS     OF    A     SEED     GERMINATION     CHAMBER,       ASSOC.     Off.     Seed 

Analysts  N.  Amer.  Proc.  18  :  27.     1926. 
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stratum  moist  at  all  times.    The  completion  of  germination  of  seeds 
of  many  kinds  of  pine  is  hastened  by  such  treatment. 

(2)  Fresh  seed. — The  seeds  of  many  plants,  when  freshly  harvested, 
especially  if  slightly  immature  when  harvested,  are  in  a  condition 
of  temporary  dormancy  and  require  different  conditions  for  germina- 
tion from  those  required  for  the  usual  commercial  sample.  Usually 
a  lower  temperature  is  required  than  for  older  seed.  Prechilling  or 
keeping  the  test  at  a  low  temperature  for  a  few  days  before  starting 
the  usual  conditions  is  a  satisfactory  method  for  many  seeds. 

Keeping  the  sample  where  freely  exposed  to  air  at  room  tempera- 
ture for  from  a  few  days  to  a  month  will  often  prepare  it  for  normal 
germination. 

Many  kinds  of  seeds  are  benefited  by  light  when  freshly  harvested, 
although  light  may  not  be  necessary  later. 

Cereals. — The  germination  may  be  satisfactory  at  15°  C,  or  the 
test  may  be  prechilled  at  5°  or  10°  for  5  to  7  days  before  placing  at 
2CP.  The  exact  time  and  temperature  required  will  vary  with  season 
and  sample. 

Grasses. — Timothy.  Kentucky  bluegrass,  and  ryegrass,  as  well  as 
other  grasses,  may  be  greatly  benefited  by  light  for  1  to  3  months 
after  harvest.  Prechilling  is  favored  by  some  as  a  treatment  for 
fresh  seed  of  grasses. 

In  the  early  part  of  the  season,  any  unaccountably  low  germination 
should  be  suspected  as  due  to  fresh  seed  dormancy,  and  special 
methods  should  be  used. 

(3)  Poor  quality  seed. — When  a  lot  of  seed,  because  of  age  or  poor 
storage  conditions,  has  begun  to  fall  sharply  in  vitality,  or  when  a 
sample  has  been  mechanically  injured  during  harvesting  or  sub- 
sequent handling,  special  care  is  needed  to  determine  the  value  of  the 
seed.  Such  weakened  seeds  are  more  readily  attacked  by  molds,  and 
the  presence  of  these  molds  in  the  test  may  affect  the  development  of 
seeds  that  are  otherwise  all  right.  A  soil  test  in  the  greenhouse  or  in 
some  cases  in  the  laboratory  will  furnish  the  best  conditions  for  the 
development  of  normal  seedlings  and  will  give  the  best  evaluation  of 
the  sample. 

(4)  Treated  seeds. — Seeds  which  have  been  treated  with  certain 
fungicides  for  disease  control  may  be  so  affected  by  the  chemical 
that  abnormal  seedlings  are  produced  in  a  towel  or  blotter  test, 
whereas  the  same  seed  planted  in  the  field  or  tested  in  soil  would 
exhibit  normal  germination.  Excessive  treatment  may  cause  ab- 
normal germination  not  only  in  a  towel  or  blotter  test  but  also 
in  the  field  or  in  soil  tests.  Seeds  which  show  visible  signs  of  treat- 
ment or  exhibit  symptoms  of  chemical  injury  in  towels  or  blotters 
should  be  tested  in  soil  in  order  to  obtain  a  true  indication  of  the 
normal  germination. 

(5)  Lettuce. — The  seeds  of  some  samples  of  some  varieties  of  let- 
tuce will  not  grow  without  exposure  of  the  moist  seeds  to  light; 
they  are  also  checked  in  germination  by  high  temperatures.  Such 
samples  should  be  placed  on  a  moist  substratum  and  allowed  to  ab- 
sorb water  at  temperatures  from  10°  to  20°  C.  for  about  2  hours. 
The  test  should  then  be  exposed  to  light  for  about  one-half  hour  and 
then  placed  in  the  germinator.    The  same  result  may  be  obtained  by 
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testing  in  a  daylight  germinator  kept  at  20°  or  lower.    Many  lots  of 
freshly  harvested  lettuce  seed  are  benefited  by  prechilling. 

(6)  Cotton. — Cottonseed  produced  in  parts  of  Texas  and  Okla- 
homa is  often  weakened  in  vigor  without  its  viability  being  actually 
destroyed.  Such  seed  will  produce  plants  under  favorable  con- 
ditions, but  will  easily  succumb  under  unfavorable  conditions.  When 
tested  by  the  usual  method  the  seeds  often  decay,  although  the  seeds 
can  be  shown  to  have  a  high  viability.  When  this  condition  is 
suspected,  supplementary  germination  tests  should  be  made  by 
thoroughly  prewetting  the  seed  and  blotting  off  the  excess  moisture 
before  putting  it  to  germinate.  Shaking  the  seed  in  a  closed  con- 
tainer with  a  small  amount  of  water  thoroughly  wets  the  "fuzz"  of 
the  seed,  facilitating  rapid  absorption  of  water.  All  excess  water 
must  be  removed  by  blotting  or  poor  germinal  ion  will  result.  If  the 
supplementary  test  is  higher  than  the  standard  test,  report  both 
standard  germination  and  live  seed  (as  indicated  by  the  result  of 
the  supplementary  test). 

(7)  Beet. — It  is  recommended  that  the  germination  of  beet  be 
confined  to  the  determination  of  the  percentage  of  balls  which  sprout. 
Because  of  the  varying  sizes  of  beet  balls  in  a  sample,  it  is  suggested 
that  a  mechanical  divider  be  used  in  securing  the  bails  for  the  ger- 
mination test  in  order  that  the  different  sized  balls  will  be  represented 
proportionally  in  the  test. 

(c)  Retests. — Because  of  the  variation  of  behavior  of  different 
samples,  the  analyst  should  continually  watch  for  any  indication 
that  the  result  of  the  test  may  not  represent  the  value  of  the  sample, 
such  as  lack  of  complete  germination,  or  the  excessive  development 
of  fungi  on  account  of  the  high  humidity  of  the  conditions  of  ger- 
mination. Excessive  variation  among  the  separate  tests  may  be  due 
to  variations  in  the  material  tested  or  to  incomplete  germination  of 
one  or  more  tests.  When  there  is  any  indication  that  the  results 
do  not  represent  the  value  of  the  sample,  retests  should  be  made. 
All  results  should  be  averaged  except  those  that  are  considered 
inaccurate.  A  difference,  among  four  separate  hundreds  tested,  of 
10  percent  when  the  average  is  80  percent  or  above  and  of  15  percent 
when  the  average  is  below  80  percent,  may  be  looked  upon  as  an 
indication  of  excessive  variation. 

(d)  Duration  of  test. — It  is  usually  helpful  to  remove  seedlings 
as  they  develop,  in  order  to  give  the  remaining  seeds  a  better  chance 
to  germinate.  Care  should  be  used  that  seedlings  are  not  counted 
and  removed  before  they  have  had  a  chance  to  show  whether  they 
have  the  ability  to  develop  into  normal  seedlings. 

The  length  of  time  required  for  complete  germination  will  vary 
with  the  previous  history  of  the  sample  and  the  conditions  of  ger- 
mination. The  time  required  for  completion  of  germination  of  the 
average  sample  is  indicated  in  table  3.  If,  however,  germination 
does  not  seem  to  be  completed  in  this  time,  additional  time  should 
be  given.  It  is  not  safe  to  assume  that  swollen,  undecayed  seeds 
will  produce  normal  seedlings.  In  many  cases  if  these  make  any 
growth  they  may  not  continue  development  into  normal  plants. 

When  slow  germination  occurs  and  dormant  or  fresh  seed  is  sus- 
pecteds  it  is  better  to  start  a  new  test  under  conditions  that  are 
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suitable    for    such    seed    rather    than    to    continue    the   test    under 
conditions  that  are  unfavorable. 

(e)  Suggested  methods  for  germination. — The  results  of  the  experi- 
ence of  seed  analysts  and  seed  physiologists  have  been  incorporated 
in  table  3  as  definite  suggestions  for  the  laboratory  germination  of 
some  of  the  more  commonly  tested  seeds.  Because  seeds  are  living 
organisms  and  are  continually  changing,  we  may  find  samples  which 
do  not  respond  to  the  germination  conditions  specified.  When  these 
occasional  unusual  samples  occur,  the  experience  and  judgment  of  the 
analyst  must  be  the  guide  to  the  method  to  be  used,  keeping  in  mind 
at  all  times  that  the  purpose  of  making  the  germination  test  is  to 
furnish  information  of  value  to  the  ultimate  user  of  the  seed. 

Table  3. — Recommendations  for  laboratory  germinations 


Kind  of  seed 


FIELD  CROPS 


Barley- 
Beans.. 


Beet. 


Buckwheat 

Corn 

Cotton 

Flax 

Hemp 

Oats 

Peas 

Rice 

Rye 

Sorghum,  grain. 

Sunflower 

Tobacco 

Wheat 

Wheat,  durum. 


FORAGE  PLANTS 

Grasses: 

Bentgrass. 

Bermuda  grass 

Bluegrass: 

Canada 

Kentucky 

Rough 

Brome,  smooth 

Carpet  grass 

Crested  dogtail 

Fescues,    except 
meadow  and  hair. 
Fescue: 

Hair.. 


Meadow 

Meadow  foxtail- 
Millet 

Johnson  grass... 


Oatgrass,  tall- 
Orchard  grass. 


Redtop 

Reed  canary  grass. .. 
Rescue  grass 


Rhodes  grass. 
Ryegrass 


Sorghum,  sweet B,  S. 

Sudan  grass B,  S. 


B,  S_... 


Tempera- 
ture 


°C. 

2C 
20-30 

20-30 

20-30 

20-30 

20-30 

20-30 

20-30 

20 

20 

20-30 

20 

20-30 

20-30 

20-30 

20 

20 


20-30 
20-35 

20-30 
20-30 
20-30 
20-30 
20-35 
20-30 
20-30 


20-30 

20-30 
20-30 
20-30 
20-35 

20-30 
20-30 

20-30 
20-30 
20-30 

20-30 
20-30 

20-30 
20-30 


Duration 

First 

for  aver- 

count 

age  sam- 

ple 

Days 

Days 

3 

6 

5 

8 

3 

10 

3 

6 

4 

6 

4 

7 

3 

6 

3 

6 

4 

7 

5 

8 

3 

7 

3 

6 

3 

6 

3 

7 

5 

14 

3 

6 

3 

7 

7 

21 

7 

21 

7 

28 

7 

28 

7 

21 

6 

14 

10 

21 

10 

21 

7 

21 

11 

28 

5 

14 

6 

14 

3 

6 

7 

21 

6 

14 

7 

14 

5 

10 

5 

14 

7 

28 

6 

14 

5 

14 

3 

10 

3 

10 

Remarks 


Prechill  fresh  seed. 

Watch  for  "baldhead"  and  other 

injuries. 
Soak  in  water  for  2  hours  before 

testing. 


Consult  Special  Problems  (6). 


1  Key  for  substrata:  B=between  blotters;  TB=top  of  blotters;  T  = 
or  sand;  TS=top  of  soil;  P  =  Petri  dishes. 


Prechill  fresh  seed. 


Light. 

Prechill  fresh  seed. 

Dormancy  frequent  in  fresh  seed. 


Light;  potassium  nitrate. 
Do. 

Do. 
Light  for  fresh  seed. 


Prechill  fresh  seed. 
Do. 


Potassium  nitrate;  prechill  fresh 

seed. 


Often  dormant  and  difficult  to 
get  complete  germination. 

Germination  often  more  rapid  in 
soil. 

Some  samples  benefited  by  light. 
Light;  low  temperature  for  fresh 
seed. 

Light  and  KNO3  for  Italian  rye- 
grass when  fresh. 
Fresh  seed  often  slow. 


^ paper  toweling;  R=rolled  test;  S=soil, 
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Table  3. — Recommendations  for  laboratory  germinations — Continued 


Kind  of  seed 


Substrata 


Tempera- 
ture 


First 
count 


Duration 
for  aver- 
age sam- 
ple 


Remarks 


FORAGE   PLANTS— COn. 


Grasses— Continued. 
Sweet  vernalgrass. 

Timothy 

Velvet  grass 

Wheatgrass: 

Crested 


Slender- 
Legumes: 

Alfalfa 

Clover: 

Alsike... 

Crimson. 

Red 

White.  _. 
Cowpeas 


Lespedeza: 
Chinese. . 
Common. 
Korean... 

Soybean. 

Sweetclover.. 


Vetch: 

Common. 
Hairy.... 
Other  forage: 

Rape... 

Turnip 


VEGETABLES 


Asparagus. 
Beans 


Beet ... 

Cabbage 

Carrot 

Cauliflower- 
Celery 

Chicory 

Corn  salad. 


Cucumber- 
Dill 

Eggplant-. 

Endive 

Kale 

Leek 

Lettuce 


Muskmelon. 


Mustard.. 
Okra..— . 
Onion, — 

Parsley 

Parsnip.  _. 

Peas 

Pepper 

Pumpkin- 
Radish.,-. 
Rutabaga- 


Salsify... 
Savory.. 
Spinach. 


Spinach,  New  Zealand. 

Squash 

Sweet  corn 

Tomato... 

Turnip 

Watermelon 


B 

TB,  P. 
B,  P.. 


B,  P. 


B,  P. 

B,  S. 


B,  S. 
B,  S. 
B,  S. 
B,  S. 
R,  S. 


B.._ 
B.__ 
B.._ 

R,  S. 
B,  S. 


T,  S. 
T,  S. 


T_._. 
R,  S. 


°C. 
20-30 
20-30 
20-30 

20,  20-30 


20-30 

20 

20 
20 
20 
20 
20-30 


20-35 
20-35 
20-35 
20-30 
20 


20-30 

20-30 


20-30 
20-30 

20-30 
20-30 
20-30 
20-30 
20-30 
20-30 
20,  20-30 

20-30 

20-30 

20-30 

20-30 

20-30 

20 

20 

20-30 

20-30 

20-30 

20 

20-30 

20-30 

20 

20-30 

20-30 

20 
20-30 
20-30 

20 
20-30 
10 


20-30 
20-30 
20-30 
20-30 
20-30 
20-30 


Bays 


Bays 


Light  for  fresh  seed. 


For  fresh  seed,  prechill  6  days, 
then  test  at  20°  C,  or  test  at 
15°  C. 

Light. 


Watch  for  weevil  injury  to  plu- 
mule. 


Watch  for  injured  plumules. 
Normal    seedlings    difficult    to 
determine  except  in  soil  test. 


Watch  for  "  baldhead"  and  other 

injuries. 
Soak  2  hours. 


Light;  potassium  nitrate. 
Possibly    requires    15°    C.    for 

fresh  seed. 
Soil  test  often  helpful. 

Raise  edge  of  blotters. 
Light;  potassium  nitrate. 


Light;  consult  Special  Problems 

(5). 
20-35°  C.  for  ffesh  seed;  soil  test 

often  helpful. 
Light. 


Raise  edge  of  blotters. 


Light  or  prechill  for  fresh  seed. 

Fresh  seed  and  prickly-seeded 
varieties  may  require  a  longer 
time. 

Not  too  wet. 

Soil  test  often  helpful. 


20°-35°     C.     better     for     some 
samples;  soil  test  often  helpful. 
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Table   3. — Recommendations   for   laboratory   germinations — Continued 


Kind  of  seed 


Substrata 

Tempera- 
ture 

First 
count 

Duration 
for  aver- 
age sam- 
ple 

TB 

B       

°C. 

20-30 

20 
20 
20 
20 
20 
20 
20 
20 
20 
15 

20-30 
20 
15 
20 

20-30 
15 
20 

20-30 
20 

20-30 

Days 
6 
5 
5 
3 
4 
3 
3 
5 
3 
5 
8 
5 
4 
7 
6 
5 
5 
3 
5 
6 
3 

Days 
10 
12 
10 

5 

12 
10 

8 
10 
10 
16 
21 
14 
10 
10 
12 
10 
10 

S 
14 
10 

6 

T,  B 

B   . 

B   

B 

TB 

B   

B   

B 

B   

B   

B       

T,  S- 

TB 

TB 

TB 

TB 

B   

TB.. 

TB 

B   

20-30 

20 
20,  20-30 

6 
5 
4 

14 
14 

8 

T   

B 

Remarks 


FLOWERS 

Ageratum 

Aster 

Alyssum 

Balsam  (Impatiens) 

California  poppy 

Calendula 

Candytuft 

Coreopsis 

Cosmos 

Hollyhock 

Larkspur 

Morning-glory 

Mignonette 

Nasturtium 

Pansy. 

Petunia 

Poppy 

Portulaca. 

Salvia 

Snapdragon 

Summer  -  cypress    (Ko 
chia). 

Sunflower 

Sweet  pea 

Zinnia 


E.  VARIETY  DETERMINATION  FROM  SEEDLING  OR  PLANT  GROWTH 

Information  about  variety  is  becoming  more  and  more  important. 
Because  the  determination  of  variety  from  appearance  of  the  seed  is 
not  possible  in  many  cases,  the  analyst  should  be  equipped  to  deter- 
mine the  variety  by  growing  tests.  In  many  cases  it  is  possible  for 
the  analyst  to  determine  variety  from  seedling  characteristics,  but 
in  other  cases  it  is  necessary  to  grow  plants  to  maturity  in  the  field. 

The  fluorescence  test  is  an  aid  in  detecting  impure  strains  or  ad- 
mixtures in  perennial  ryegrass,  because  of  the  fluorescence  in  ultra- 
violet light  of  pure  filter  paper  on  which  have  grown  seedlings  of 
impure  strains  or  of  Italian  ryegrass.  Suitable  conditions  for  exami- 
nation of  tests  may  be  obtained  by  enclosing  a  bright  electric  light 
in  a  light-proof  box  provided  with  an  opening  which  is  covered  with 
a  glass  filter  which  permits  only  ultraviolet  light  to  pass  (Corning 
red  ultra  No.  584  is  suitable).  Outside  light  may  be  excluded  by 
working  in  a  darkened  room  or  by  putting  a  black  cloth  over  the 
box  and  observer. 


F.  DETERMINATION  OF  MOISTURE  CONTENT 

When  it  is  desirable  or  necessary  to  make  a  moisture  determination 
of  the  sample,  this  may  be  done  by  some  one  of  the  standard  methods 
such  as  the  drying  method,  the  Brown-Duvel  method,  and  the  more 
recently  developed  electrical  methods.  In  the  case  of  the  latter  two 
methods,  the  instructions  which  accompany  the  apparatus  should 
be  followed  closely. 
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The  standard  drying  method  consists  of  the  taking  of  duplicate 
samples  from  the  well-mixed  larger  commercial  sample.  For  small 
seeds  10  grams  are  used;  for  larger  seeds  20  grams.  If  it  is  desired 
to  hasten  the  drying  process  and  approach  an  absolute  drying,  it  is 
best  to  coarsely  grind  or  crush  larger  seeds  and  take  two  exact 
weight  samples  from  the  well-mixed  ground  sample  thus  prepared. 
Place  the  samples  in  an  oven  and  heat  for  at  least  5  hours  at  103°  C, 
after  which  they  are  removed  and  after  cooling  sufficiently  are  re- 
weighed,  before  any  reabsorption  of  moisture  takes  place.  If  the  two 
determinations  agree  within  0.5  percent  of  moisture,  then  the  average 
expressed  to  one  decimal  place  is  to  be  used  as  the  moisture  content. 

All  moisture  content  determinations  are  to  be  made  only  upon  sam- 
ples which  are  received  in  air-tight  containers  which  prevent  loss  of 
moisture  after  sampling;  otherwise  the  results  would  be  valueless. 

G.  DETERMINATION  OF  SEED-BORNE  DISEASE  ORGANISMS 

Since  seed  stocks  are  known  to  be  very  frequent  carriers  of  the 
causal  organisms  of  important  plant  diseases,  it  is  necessary  that  the 
analyst  be  prepared  and  the  laboratory  equipped  to  detect  and  to 
report  the  presence  of  those  which  can  be  determined  with  more  or 
less  certainty.  The  value  of  any  seed  stock  is  depreciated  by  associ- 
ated fungi  either  of  a  parasitic  or  of  a  saprophytic  nature.  The 
opportunity  for  detection  of  these  microflora  best  presents  itself  in 
the  seed  laboratory,  since  the  seeds  may  be  examined  either  in  the 
dry  or  in  the  germinating  condition.  These  findings  can  be  given 
as  additional  information,  and  frequently  some  recommendations 
may  be  made  as  to  whether  or  not  the  seed  stock  is  safe  for  cultural 
purposes  or  can  be  made  so  by  proper  seed  treatment  or  whether  it 
should  be  diverted  to  other  uses. 

It  is  generally  accepted  that  there  are  three  classes  of  seed-borne 
plant  diseases,  namely,  (a)  those  which  are  carried  externally  adher- 
ing to  the  seed  coats,  (~b)  those  carried  internally  within  the  seed 
tissue,  and  (c)  those  such  as  sclerotia  smut  balls,  etc.,  which  are  car- 
ried along  mechanically  with  the  seed  stock  and  which  may  be  re- 
ported quantitatively.  There  are  fungi  which  are  regarded  as  active 
parasites  and  often  found  on  fresh,  strong  seed.  Usually  in  such 
cases  the  infection  is  definite  or  clear  cut  and  the  signs  of  the  disease 
may  be  confined  to  individual  seeds.  On  the  other  hand,  there  are 
other  fungi,  such  as  Penicillinm,  which  are  regarded  as  age  or  stor- 
age fungi,  thus  indicating  or  associated  with  weakened  vitality. 
When  a  test  under  adequate  control  in  other  respects  becomes 
quickly  overgrown  with  fungi,  or  softened  with  bacterial  decay,  or 
both,  that  fact  should  be  recognized,  and  such  statements  as  seem 
warranted  should  be  made  of  such  conditions. 

A  report  concerning  the  findings  as  to  seed-borne  disease  organ- 
isms, whether  negative  or  positive,  should  state  the  method  or  other 
special  technique  employed  in  making  the  determination. 
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The  following  are  some  of  the  important  plant  diseases  whose 
causal  organisms  may  be  recognized  on  the  seed  or  seedling  and  the 
presence  of  which  should  be  recorded  and  reported : 

Anthracnose  of  beans,  Golletotrichum  lindemutJiianum. 
Ergots  of  grasses,  Clauiceps  spp. 

Fusarium  diseases  of  barley,  peas,  rye,  wheat,  Fusarium  spp. 
Late  blight  of  celery,  Septoria  a  pit. 

Root  rot  of  barley  and  other  cereals,  Helminthosporium  spp. 
Root  rot  and  leaf  spot  of  peas,  Ascochyta  spp. 

Seedling  blights  and  ear  rots  of  corn,  Basisporium  gaUarum,  Diplodia  zeae, 
Fusarium  spp.,  Gib'bereUa  sawbinetii. 

Seedling  rots  of  corn,  Rliizopus  nigricans,  Penicillium  spp. 

smuts  of  cereals,  Ustilac/o  spp.,  Urocystis  spp.,  Tillctia  spp.,  Sphacelotfieca  spp. 

Tomato  blight  and  rot,  Macrosporium  spp.,  Plwma  destructiva. 
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